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INTRODUCTION 


Fuel  Prices  and  Steaming 

After  five  years  of  nearly  stable  prices,  fuel  prices  more  than 
doubled  In  FY  1974.  Since  then  they  have  continued  to  Increase 
but  much  more  slowly.  Fiscal  constraints  Induced  by  fuel  price 
Increases  have  caused  the  Navy  to  restrict  steaming. * 

Evidence  of  steaming  declines  Is  given  In  table  1,  which  re¬ 
ports  average  hours  of  (1)  steaming  underway,  (2)  steaming  not 
underway  and  (3)  not  steaming  for  91  destroyers,  cruisers  and 
frigates,  FY  1966-1975. 

Hours  of  steaming  underway  Is  a  measure  of  operating  tempo: 
the  crew  Is  relatively  active  operating  the  ship  and  under¬ 
taking  training  exercises.  Except  where  It  might  be  confusing, 
we  will  follow  the  Navy' s  practice  and  refer  to  steaming  under¬ 
way  as  simply  "steaming." 

Hours  steaming  not  underway  are  periods  of  relative  inactivity. 
Although  energy  needs  are  met  from  its  own  boilers,  ship  sys¬ 
tems  are  operated  at  a  slower  pace  and  the  crew  undertakes 
fewer  training  exercises.  Hours  not  steaming  are  periods  of 
minimum  activity:  ship’s  boilers  are  turned  off  and  energy  is 
provided  from  shore  through  an  electrical  hookup. 

Relative  to  FY  1973,  steaming  underway  declined  by  92  hours  per 
month  (33  percent)  over  FY  1974  and  FY  1975.  Changes  in 
steaming  not  underway  were  relatively  small  in  both  years:  it 
declined  by  19  hours  in  FY  1974  but  increased  by  10  hours  in  FY 
1975.  Thus,  a  one  hour  decline  in  steaming  underway  resulted 
in  roughly  a  one  hour  increase  in  hours  not  steaming. 

A  trend  analysis  of  the  years  prior  to  FY  1974  yields  the  find¬ 
ing  that  steaming  underway  per  month  was  declining  by  two  hours 
per  year.  Forecasts  of  steaming  underway  (given  in  parentheses 
in  table  1)  are  249  for  FY  1974  and  247  for  FY  1975.  Compared 
with  trends,  steaming  underway  declined  an  average  of  60  hours 
per  month  in  FY  1974  and  FY  1975.  The  additional  decline  of 
about  25  percent  was  probably  caused  by  fuel  price  increases. 


1”FY  1978  Major  Issue:  Impact  of  Oil  Prices  on  Naval 
Operations,"  unpublished  paper,  Op-96. 
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The  Effects  of  Steaming  on  Readiness 

Fleet  readiness  has  three  dimensions:  (1)  crew  experience 
(Training  Readiness),  (2)  equipment  condition  (Material  Readi¬ 
ness),  and  (3)  manning  levels  (Personnel  Readiness).  While 
a  particular  ship's  manning  might  be  affected  by  steaming,  it 
is  unlikely  that  the  personnel  readiness  of  the  fleet  would  be 
changed.  A  decline  in  steaming,  however,  may  affect  the 
fleet's  training  and  material  readiness. 

Training  readiness  may  be  affected  most  seriously  because  it  is 
developed  through  exercises  undertaken  while  steaming: 

"The  ultimate  in  training  readiness  is  achieved  by 
realistic  exercises,  which  approximate  as  close  as 
possible  combat  conditions.  Advanced  exercises  usu¬ 
ally  require  special  facilities  such  as  ranges  for 
live  firing,  air  combat  maneuvering,  special  elec¬ 
tronic  services,  or  target  services  such  as  operating 
submarines  and  drone  aircraft." 

Equipment  condition  also  may  be  changed  by  steaming,  but  the 
effect  is  unclear  (and  probably  less  important).  It  is  usually 
felt  that  steaming  would  improve  equipment  condition  because  of 
less  wearout;  however,  many  positive  and  negative  factors  could 
be  affected  which  makes  the  total  effect  unclear.  For  example, 
by  reducing  the  crews'  skill  in  using  complex  equipment,  less 
steaming  could  cause  more  operator  induced  equipment  failures. 
The  net  effect  of  less  steaming  depends  on  whether  positive 
effects  on  factors  such  as  wearout  outweigh  negative  effects  on 
factors  such  as  operators'  competence. 

How  much  should  steaming  be  curtailed  as  the  price  of  fuel  in¬ 
creases?  In  theory  the  procedure  for  answering  this  question 
is  simple.  The  effects  of  steaming  should  be  compared  with 
alternative  ways  of  allocating  funds  to  achieve  readiness.  Re¬ 
source  reductions  should  be  made  in  activities  yielding  the 
least  improvements  in  readiness  relative  to  costs.  In  reality 
this  procedure  is  difficult  to  follow  because  there  is  little 
evidence  on  the  costs  of  steaming  and  its  effects  on 
readiness. 
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Aim  of  the  Present  Analysis 

Our  aim  is  to  estimate  the  effects  of  steaming  on  equipment 
condition  and  fuel  consumption.  Lack  of  data  prevents  us  from 
studying  the  relationship  between  training  readiness  and  steam¬ 
ing.  We  focus  on  the  relationship  between  steaming  and  equip¬ 
ment  condition  because  data  are  available  to  study  it. 

Data 


A  casualty  report  or  CASREPT  is  filed  when  a  ship  has  an  equip¬ 
ment  failure  which  degrades  its  mission  performance  capability 
for  more  than  four  days.  Previous  studies  have  concluded  that 
CASREPT  downtime  is  an  important  indicator  of  equipment  condi¬ 
tion,  so  CASREPT  data  are  used  to  measure  it.l 

Data  on  CASREPTs  had  been  obtained  for  91  destroyers,  cruisers, 
and  frigates  for  the  ship's  cycle  that  ended  after  January 
1970.  The  data  are  from  the  Consolidated  CASREPT  Reporting 
System.  The  sample  includes  observations  on  10,000  C2  and 
4,000  C3  and  C4  CASREPTs  for  the  period  January  1970-July  1975. 

Monthly  data  on  steaming  and  fuel  consumption  were  obtained 
from  the  Navy's  Steaming  and  Fuel  Data  Master  File.  They  con¬ 
sist  of  observations  on  about  2,400  ship-months  between  January 
1967  and  June  1975. 

Since  data  are  on  destroyers,  cruisers  and  frigates,  findings 
pertain  particularly  to  these  types  of  ships. 

Estimating  Steaming*  s  Effects  on  CASREPT  Downtime 

CASREPT  downtime  per  month  depends  on  the  monthly  CASREPT  rate 
(C)  and  downtime  per  CASREPT.  Downtime  per  CASREPT  consists  of 
two  components:  (1)  supply  time  (S),  the  period  a  CASREPT  is 
deferred  for  parts,  and  (2)  maintenance  time  (M) ,  the  period  a 
CASREPT  is  deferred  for  administrative  delays  and  actual  hands- 
on  repairs. 

About  50  percent  of  CASREPTs  occur  because  parts  are  unavail¬ 
able  within  four  days  of  the  equipment's  failure. ^  These 
are  called  "parts  CASREPTs."  Downtime  first  would  consist  of 
time  waiting  for  parts,  i.e.,  supply  time,  and  then  maintenance 
time. 


*See  Horowitz,  Stanley,  and  Allan  Sherman,  "Crew  Charac¬ 
teristics  and  Ship  Condition, "March  1977,  CNS  1090;  and  P.M. 
Sprey,  et  al.,  "Analysis  of  FF  1052  Availability  Experience: 
Phase  I  Report,"  American  Management  Systems,  July  1977. 

^See  table  10. 
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The  other  50  percent  of  CASREPTs  occur  because  the  crew  does 
not  have  the  required  expertise  or  tools  to  repair  the  broken 
equipment;  in  these  cases  downtime  is  all  maintenance  time. 
Equipment  is  repaired  with  assistance  of  other  "repair  eche¬ 
lons"  such  as  a  tender  ship  (IMA),  a  shipyard,  or  an  expert  who 
is  brought  to  the  ship.* 

Through  a  literature  review  and  discussions  with  Navy  person¬ 
nel,  "reduced  form”  regression  models  for  C,  S,  and  M  are  spec¬ 
ified  which  include  current  and  past  steaming  and  other  factors 
as  explanatory  variables.  These  are  derived  from  "structural 
models"  relating  C,  S,  and  M  to  "direct  determinants."  In  de¬ 
riving  regression  models,  we  find  in  theory  a  regression  vari¬ 
able  could  affect  numerous  direct  determinants  which  have  dif¬ 
ferent  effects  qualitatively.  Unfortunately  this  makes  it 
impossible  to  identify  the  causal  links  through  which  a  regres¬ 
sion  variable  operates.  The  upshot  is  that  although  we  esti¬ 
mate  steaming  reduces  CASREPT  downtime,  we  cannot  tell  from  the 
data  why  it  has  this  beneficial  effect. 

Previous  studies  suggest  that  a  few  CASREPTs  have  extremely 
long  supply  and  maintenance  times. 2  Since  the  distributions 
of  S  and  M  have  a  long  tail,  we  regress  the  logarithm  of  S  and 
M  on  regression  variables. ^  A  linear  model  is  used  to  ana¬ 
lyze  the  monthly  CASREPT  rate.  Given  estimates  of  steaming's 
effects  on  C,  S,  and  M,  we  calculate  its  effects  on  CASREPT 
downtime. 

Lack  of  data  is  a  serious  problem  which  is  addressed  in  a  num¬ 
ber  of  ways.  Numerous  proxy  variables  are  used  (such  as  cur¬ 
rent  and  past  steaming)  for  causal  factors  (such  as  current  and 
past  equipment  utilization).^  Separate  models  are  estimated 
for  different  subgroups,  i.e.,  type  of  CASREPT  and  ship  class. 
The  important  CASREPT  rate  relationship  is  estimated  using 
different  estimation  procedures,  i.e.,  OLS  and  LSDV,  and  data 
sets,  i.e.,  pooled  time  series  cross  section  and  cross  section. 


^A  CASREPT  could  also  occur  if  administrative  delays  pre¬ 
vent  equipment  from  being  repaired  within  four  days.  This  is  a 
more  likely  possibility  for  C2  than  C3/C4  CASREPTs. 

^See  S.D.  Vesco,  "A  Study  of  Mean  Supply  Response  Time," 

Search  Report  6,  26  January  1970,  pp.  23-32. 

^We  also  regressed  the  level  of  S  and  M  on  regression 
factors.  The  logarithm  models  fit  the  data  better. 

^There  is  no  way  to  be  sure  we  have  observed  a  causal 
rather  than  spurious  relationship  between  steaming  and  CASREPT 
downtime.  Two  alternative  explanations  are  analyzed. 
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Estimating  Steaming's  Effect  on  Fuel  Consumption 


We  identify  six  factors  affecting  fuel  consumption,  including 
(1)  hours  steaming  underway,  (2)  hours  steaming  not  underway, 
(3)  steaming  speed,  (4)  environmental  conditions,  (5)  ship  size 
and  (6)  efficiency  of  plant.  Our  goal  is  to  estimate  the 
effects  of  steaming  underway  holding  other  factors  fixed;  how¬ 
ever,  this  is  difficult  to  do  because  data  are  not  readily 
available  on  most  factors  besides  (1)  and  (2). 

Fuel  consumption  per  ship-month  is  specified  to  be  a  quadratic 
function  of  steaming  underway  and  steaming  not  underway.  A 
quadratic  function  is  used  so  that  we  could  allow  for  nonlinear 
relationships.  This  regression  model  is  estimated  separately 
for  diesel,  JP5,  and  "other"  fuel.  Estimates  of  increases  in 
fuel  consumption  for  each  fuel  are  evaluated  at  October  1977 
prices  and  added  to  yield  the  marginal  cost  of  steaming 
underway. 

A  separate  analysis  is  done  for  each  ship  class  (13)  to  adjust 
for  differences  in  ship  size  and  efficiency  of  plant.  Data  are 
unavailable  on  environmental  conditions  and  steaming  speed, 
which  would  not  be  a  problem  except  that  there  might  be  a  rela¬ 
tionship  between  these  factors  and  steaming.  For  example, 
hours  steaming  may  decline  as  ship's  speed  is  increased.  Esti¬ 
mates  of  marginal  fuel  costs  assume  such  relationships,  if  any, 
continue  to  hold  in  the  future  as  they  did  in  the  regression 
period. 

Historically,  as  hours  steaming  underway  declined  there  was  a 
one-for-one  Increase  ir  hours  not  steaming.  We  assume  this  re¬ 
lationship  holds  when  calculating  the  tradeoff  between  CASREPT 
downtime  and  fuel  costs.  The  sensitivity  of  our  findings  to 
this  assumption  is  analyzed  in  the  final  section. 


ANALYSIS  OF  STEAMING'S  EFFECTS  ON  CASREPT  DOWNTIME 
AND  ITS  COMPONENTS 


CASREPT  RATE 

Regression  Model  Specification 

Direct  determinants  of  the  CASREPT  rate  are  listed  below  to¬ 
gether  with  the  expected  direction  of  their  effects. 

1.  Past  utilization  of  equipment  (+) 

2.  Current  utilization  of  equipment  (+) 

3.  Age  of  equipment  (+) 

4.  Degree  of  equipment  complexity  (+) 

5.  External  conditions  (-) 

6.  Condition  of  equipment  after  overhaul  (-) 

7.  Training  of  personnel  (-) 

8.  Number  of  equipment  starts  (+) 

9.  Initial  stock  of  parts  on  board  (-) 

10.  OPTAR  funds  allowance  (-) 

11.  Willingness  of  command  to  report  CASREPTs  (+) 

Data  are  unavailable  on  most  of  these  determinants.  To  over¬ 
come  data  problems,  we  identified  relationships  between  them 
and  measurable  explanatory  variables,  which  are  given  below. 
If  we  could  identify  it,  the  direction  of  an  explanatory 
variable's  effect  on  a  direct  determinant  is  indicated. 

1.  Past  utilization  of  equipment  (+): 

Past  steaming  underway  (+) 

Past  steaming  not  underway  (+) 

Time  since  overhaul  (+) 

2.  Current  utilization  of  equipment  (+): 

Current  steaming  underway  (+) 

Current  steaming  not  underway  (+) 

3.  Age  of  equipment  (+): 

Months  since  overhaul  (+) 

4.  Degree  of  equipment  complexity  (+): 

Ship  class  (7) 

5.  Favorable  external  conditions  (-): 

No  measurable  explanatory  variables 
identified 


6.  Good  condition  of  equipment  after  overhaul  (-): 

Atlantic  or  Pacific  Fleet  (?) 

7.  Training  of  personnel  (-): 

Current  steaming  underway  (+) 

Current  steaming  not  underway  (+) 

Past  steaming  underway  (+) 

Past  steaming  not  underway  (+) 

Time  since  overhaul  (+) 

8.  Number  of  equipment  starts  (+): 

No  data  available 

9.  Stock  of  parts  on  board  (-): 

Fleet  (?) 

Time  since  overhaul  (-) 

10.  OPTAR  funds  allowance  (-): 

Fleet  (?) 

11.  Willingness  of  command  to  report  CASREPTS  (+): 

Fleet  (?) 

Point  in  the  deployment  cycle: 

Months  1,2,3  and  4  after  overhaul  (+) 

Months  1,2,3  and  4  prior  to  overhaul  (~). 

This  system  of  structural  relationships  was  solved  in  terms  of 
measurable  explanatory  variables.  The  result  is  a  reduced  form 
regression  model  having  the  variables  listed  in  table  2.  We 
also  include  "number  of  months  since  Jan  1970”  to  test  for  time 
trends. 

By  specifying  theoretical  relationships,  we  are  able  to  iden¬ 
tify  explanatory  variables,  such  as  past  and  current  steaming, 
that  may  affect  the  CASREPT  rate.  However,  except  for  the 
dummy  variables,  months  1,  2,  3  and  4  after  and  before  over¬ 
haul,  the  direction  of  a  regression  variable's  effect  cannot  be 
predicted  a  priori,  a  result  which  may  not  critically  depend  on 
our  particular  specification  of  relationships  between  explan¬ 
atory  variables  and  determinants.!  Signs  of  regression  vari¬ 
ables  are  ambiguous  because  each  is  related  to  several  direct 
determinants  which  have  different  effects  qualitatively.  These 
real  world  complexities  make  it  impossible  to  understand  the 
reasons  for  the  measured  effect  of  a  regression  variable. 

Thus,  although  steaming  reduces  the  CASREPT  rate,  one  cannot 
explain  how  it  achieves  this  beneficial  effect. 


*An  alternative  system  of  relationships  probably  also  would 
yield  ambiguous  theoretical  results. 
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TABLE  2 


DEFINITIONS,  MEAN  VALUES  AND  STANDARD  DEVIATIONS  OF 
CASREPT  RATE  MODEL  VARIABLES 


Mean 

Standard 

Variables 

values 

deviations 

Monthly  number  C2  CASREPTs 

4.14 

3.61 

Monthly  number  C3/C4  CASREPTs 

1.55 

1.89 

Monthly  steaming  hours  underway 

Total  past  steaming  hours  underway  since 

247.84 

197.2 

overhaul 

5576.7 

2996.5 

Monthly  steaming  hours  not  underway 

Total  past  hours  steaming  not  underway 

139.4 

131.2 

since  overhaul 

3653.0 

2306.4 

Number  of  months  since  Jan  1970 

20.4 

12.3 

Number  of  months  since  overhaul 

22.1 

12.0 

Overhaul  cycle  variables: 

One  if  first  month  after  overhaul,  zero 

otherwise 

0.016 

.12 

One  if  second  month  after  overhaul,  zero 

otherwise 

0.017 

.13 

One  if  third  month  after  overhaul,  zero 

otherwise 

0.017 

.13 

One  if  fourth  month  after  overhaul,  zero 

otherwise 

0.017 

.13 

One  if  first  month  before  overhaul,  zero 

otherwise 

0.034 

.18 

One  if  second  month  before  overhaul,  zero 

otherwise 

0.034 

.18 

One  if  third  month  before  overhaul,  zero 

otherwise 

0.034 

.18 

One  if  fourth  month  before  overhaul,  zero 

otherwise 

0.033 

.18 

Ship  classes: 

FRAMS:  Benchmark  ship  class 

0.32 

N.  A. 

DD  931 

0.079 

.27 

DDG  2 

0.18 

.38 

DDG  31 

0.019 

.14 

DDG  35 

0.018 

.13 

DDG  40 

0.0073 

.085 

FF  1036  One  if  in  ship  class,  zero  otherwise  0.0073 

.085 

FF  1037 

0.073 

.26 

FF  1040 

0.095 

.29 

FF  1052 

0.041 

.20 

FFG  1 

0.026 

.16 

CG  16 

0.049 

.22 

CG  26 

0.084 

.28 

Fleet:  One  if  AtlanMc,  zero  otherwise 

0.48 

.50 

Findings 

Pooled  time  series  cross  section  data  on  2468  ship-months  are 
used  to  analyze  the  CASREPT  rate  for  C2  and  C3/C4  CASREPTS. 
Regression  results,  given  in  table  3,  are  obtained  using  the 
ordinary  least  squares  estimation  procedure. 

The  F  statistics  Indicate  both  regressions  are  statistically 
significant  at  the  .01  level.  The  R?  of  0.140  for  C2  and 
0.0937  for  C3/C4  CASREPTs  are  low  but  not  unusual  for, models 
estimated  with  time  series  cross  section  data.  Low  R^  values 
indicate  that  about  90  percent  of  the  variation  in  the  CASREPT 
rate  is  unexplained.  A  large  fraction  of  serious  equipment 
failures  is  still  random,  but  some  of  it  can  be  explained. 

Our  major  finding  is  that  past  steaming  has  a  statistically 
significant  and  important  beneficial  effect  on  the  CASREPT 
rate.  This  variable’s  high  t-values  of  6.5  for  C2  and  4.4  for 
C3/C4  CASREPTs  Indicate  that  the  regression  coefficients  are 
statistically  significant  at  the  .05  level. 

The  "elasticity"  is  the  percent  change  in  a  dependent  variable 
due  to  a  one  percent  change  in  an  explanatory  variable.  If  the 
elasticity  equals  one  in  absolute  value,  a  variable  has  a  pro¬ 
portional  effect,  e.g.,  if  x  changes  by  10  percent  y  also 
changes  by  10  percent. 

Elasticities  of  past  steaming  are  -0.6611  for  C2  and  -0.639  for 
C3/C4  CASREPTs,  indicating  there  is  a  less  than  proportional 
but  substantial  effect  of  past  steaming  on  the  CASREPT  rate. 

Number  of  months  since  overhaul  has  a  statistically  signifi¬ 
cant,  positive  and  relatively  large  effect.  The  elasticities 
are  0.688  for  C2  and  0.831  for  C3/C4  CASREPTs.  As  months  since 
overhaul  increase  CASREPTs  per  month  increase;  but  past  steam¬ 
ing  also  increases  which  reduces  the  CASREPT  rate.  The  net 
effect  is  to  only  slightly  increase  the  CASREPT  rate  by  about 
one  C3/C4  CASREPT  per  year.  The  implication  is  that  overhauls 
can  be  scheduled  farther  apart  without  causing  serious  deteri¬ 
oration  of  equipment  condition. 


*  Due  to  rounding,  elasticities  computed  by  the  reader  may 
differ  slightly  from  those  reported  in  the  text  in  this  and 
later  sections.. 
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Statistically  significant  at  .05  level. 


With  respect  to  other  variables,  more  current  steaming  hours 
underway  per  month  increases  both  C2  and  C3/C4  CASREPTs,  but 
the  effect  is  statistically  significant  only  for  C2  CASREPTs. 
The  elasticities  are  relatively  low,  0.129  (C2)  and  0.0125 
(C3/C4).  Current  steaming  hours  not  underway  has  a  positive, 
relatively  small  but  statistically  significant  effect  on  both 
C2  and  C3/C4  CASREPTs.  Total  past  steaming  not  underway  may 
decrease  both  C2  and  C3/C4  CASREPTs.  These  effects  are  small 
and  not  statistically  significant. 

Atlantic  fleet  ships  have  statistically  more  C2  and  C3/C4 
CASREPTs  than  those  in  the  Pacific  fleet.  Overhaul  cycle 
variables  indicate  the  CASREPT  rate  is  higher  in  the  first  and 
perhaps  second  months  after  overhaul,  so  that  overhauls  may  not 
fix  everything  they  are  supposed  to.  By  contrast,  CASREPT 
rates  are  lower  for  the  last  three  to  four  months  before  over¬ 
haul.  Perhaps  temporary  repairs  are  made  more  often  towards 
the  end  of  a  cycle  with  the  expectation  that  permanent  repairs 
will  be  made  during  the  overhaul. 

In  summary,  although  the  explanatory  power  of  the  CASREPT  rate 
regression  models  is  low,  a  number  of  variables  are  statisti¬ 
cally  significant.  Our  most  important  findings  are  that  past 
steaming  and  time  since  overhaul  have  large  effects  and 
Atlantic  fleet  ships  have  higher  CASREPT  rates. 

MAINTENANCE  DOWNTIME  PER  CASREPT 

Regression  Model  Specification 

Direct  determinants  of  maintenance  per  CASREPT  are  listed  below 
together  with  the  expected  direction  of  their  effects. 

1.  Operating  demands  for  ship  maintenance  (+) 

2.  Quality  and  quantity  of  ship's  maintenance  personnel 
(-) 

3.  Whether  CASREPT  for  parts  (-) 

4.  Degree  of  equipment  complexity  (•>) 

5.  Technical  difficulty  of  required  maintenance  (+) 

6.  Supply  of  intermediate  level  maintenance  resources 
(-) 

7.  Supply  of  ship's  other  maintenance  resources  (-) 

8.  Whether  repaired  off  ship  (+) 

9.  Whether  period  of  overhaul  quality  control  (+)* 


ljust  after  an  overhaul  there  may  be  a  quality  control  period 
during  which  personnel  spend  extra  time  repairing  CASREPTs. 
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As  in  che  CASREPT  rate  analysis,  to  overcome  data  problems  we 
identified  relationships  between  direct  determinants  and  meas¬ 
urable  explanatory  variables  which  are  given  below.  If  we 
could  identify  it,  the  direction  of  an  explanatory  variable's 
effect  on  the  direct  determinant  is  indicated. 

1.  Operating  demands  for  maintenance  personnel  (+): 

Current  steaming  underway  (+) 

Past  steaming  underway  (-) 

Current  steaming  not  underway  (+) 

Past  steaming  not  underway  (-) 

Whether  a  C3/C4  CASREPT  (-) 

2.  Supply  of  maintenance  personnel  (-): 

Past  steaming  underway  (+) 

Current  steaming  underway  (+) 

Past  steaming  not  underway  (+) 

Current  steaming  not  underway  (?) 

Time  since  overhaul  (+) 

Whether  C3/C4  CASREPT  (+) 

3.  Whether  CASREPT  for  parts  (-): 

Measured  directly  by  whether  a  CASREPT  had 
any  supply  downtime 

4.  Degree  of  equipment  complexity  (+):* 

Past  steaming  underway  (?) 

Past  steaming  not  underway  (?) 

Repair  echelon  (?) 

Ship  class  (?) 

Time  since  overhaul  (?) 

5.  Technical  difficulty  of  required  maintenance  (+): 

Current  steaming  underway  (?) 

Current  steaming  standing  still  (?) 

Repair  echelon  (?) 

Ship  class  (?) 

Time  since  overhaul  (?) 

6.  Supply  of  intermediate  level  maintenance  resources  (-) 

Fleet  (?) 

7.  Supply  of  ship's  other  maintenance  resources  (e.g., 
diagnostic  equipment,  etc.)  (-): 

No  explanatory  variable  identified 

* Average  equipment  complexity  depends  on  the  number  and  mix  of 
CASREPTs  among  subsystems.  We  assume  it  is  measured  by  the 
factors  listed. 
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8.  Repaired  off  ship  (+) 

Repair  echelon  (+) 

9.  Whether  period  of  overhaul  quality  control  (+) 

Months  1,2,3  and  4  after  overhaul  (+) 

We  solved  this  system  of  relationships  in  terms  of  measurable 
explanatory  variables.  The  result  is  a  regression  model  having 
the  variables  listed  in  tables  4  and  5.  We  also  include  "num¬ 
ber  of  months  since  January  1970”  to  test  for  a  time  trend. 

Except  for  the  dummy  variables,  whether  CASREPT  for  parts  (-), 
whether  a  C3/C4  CASREPT  (-),  and  months  1,2,3  and  4  after  over¬ 
haul  (+),  the  direction  of  an  explanatory  variable’s  effect 
cannot  be  predicted,  and  it  is  impossible  to  identify  the  rea¬ 
sons  for  its  effect  on  maintenance  downtime. 

The  distribution  of  maintenance  downtime  has  a  “long  tail"  —  a 
few  maintenance  actions  take  a  long  time.  The  time  for  most  is 
clustered  around  the  geometric  rather  than  the  arithmetic  mean. 
Because  of  the  distribution's  skewness,  the  natural  logarithm 
rather  than  the  actual  level  of  maintenance  downtime  per 
CASREPT  is  regressed  on  explanatory  variables. * 

Findings 

Pooled  time  series  cross  section  data  on  10,225  C2  and  3,895 
C3/C4  CASREPTs  are  used  to  analyze  maintenance  downtime  per 
CASREPT.  Regression  results,  given  in  table  6,  are  obtained 
using  the  ordinary  least  squares  estimation  procedure. 

The  F  statistic  indicates  the  regression  is  statistically  sig¬ 
nificant  at  the  .01  level.  The  of  0.243  for  C2  and  0.107 
for  C3/C4  CASREPTs  indicate  a  small  proportion  of  the  variation 
in  maintenance  downtime  per  CASREPT  is  explained  by  our  vari¬ 
ables. 


Although  not  reported,  we  also  estimate  the  model  using  the 
actual  level  of  maintenance  downtime  per  CASREPT.  As  expected 
the  log  model  provided  a  better  fit.  For  discussion  of  the 
statistical  procedure  used  to  determine  which  model  better  fit 
the  data,  see  Rao,  P.  and  Miller,  R.L. ,  Applied  Econometrics 
(Wadsworth:  Belmont,  Calif.,  1971)  pp.  10/— 1 11. 
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TABLE  4 


DEFINITIONS,  MEAN  VALUES  AND  STANDARD  DEVIATIONS  OF 
C2  MAINTENANCE  DOWNTIME  MODEL  VARIABLES 


Mean  Standard 

Variables _ values  deviations 


Hours  of  C2  CASREPT  downtime  due  to 


maintenance 

540.8 

1089 

.7 

Ratio  of  hours  steaming  underway  to  CASREPT 's 

maintenance  downtime 

.318 

.249 

Total  hours  of  past  steaming  before  CASREPT 

5.054 

2 

.902 

(in  thousands) 

Ratio  of  hours  steaming  not  underway  to 

CASREPT' s  maintenance  downtime 

.198 

.174 

Total  hours  of  past  steaming  not  underway 

before  CASREPT  (in  thousands) 

3.545 

2 

.249 

Months  since  Jan  1970 

19.4 

11 

.8 

Months  since  overhaul 

20.8 

11 

.7 

The  following  are  dummy  variables: 

If  there  was  any  downtime  due  to  supply  ~  1 

.54 

.50 

Ship  classes: 

FRAM:  Benchmark  class 

.29 

N 

.A. 

DD  931 

.10 

.31 

DDG  2 

.21 

.41 

DDG  31 

.018 

.13 

DDG  35 

.019 

.14 

FF  1036 

.0026 

.051 

FF  1037 

.0074 

.086 

FF  1040 

.058 

.23 

FF  1052 

.074 

.26 

FFG  1 

.028 

.16 

DDG  40 

.031 

.17 

CG  16 

.063 

.24 

CG  26 

.092 

.29 

Repair  echelon: 

Repair  by  ship's  crew  is  benchmark  echelon 

.55 

N 

.A. 

If  repaired  with  technical  assistance  *  1 

.19 

.39 

If  repaired  at  IMA  ■  1 

.26 

.44 

If  repaired  at  overhaul  ■  1 

.0014 

.037 

If  repaired  at  drydock  =*  1 

.0020 

.044 

Months  since  overhaul  dummy  variables: 

One  month  after  overhaul 

.0015 

.038 

Two  months  after  overhaul 

.0020 

.044 

Three  months  after  overhaul 

.0020 

.044 

Four  months  after  overhaul 

.0025 

.050 

Fleet:  1  if  Atlantic,  0  if  Pacific 

.52 

.50 

Geometric  mean  ■  143.897 
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TABLE  5 


DEFINITIONS,  MEAN  VALUES  AND  STANDARD 
C3/C4  MAINTENANCE  DOWNTIME  MODEL 

Variables 

DEVIATIONS  OF 
VARIABLES 

Mean  Standard 

values  deviations 

Hours  of  C3/C4CASREPT  downtime  due  to 

maintenance 

361.0 

735.5 

Ratio  of  hours  steaming  underway  to  maintenance 

downtime  (current  steaming  underway)  .303 

.243 

Total  hours  of  steaming  in  months 

before  CASREPT  (in  thousands) 

5.325 

2.970 

Ratio  of  hours  steaming  not  underway  to  maintenance 
downtime  (current  steaming  not  underway)  .197 

.177 

Total  hours  of  steaming  not  underway  in 

months  before  CASREPT  (in  thousands) 

3.747 

2.401 

Months  since  Jan  1970 

20.29 

12.3 

Months  since  overhaul 

22.25 

12.4 

The-  following  are  dummy  variables: 

If  there  was  any  downtime  due  to  supply  *  1 

.51 

.50 

Ship  classes: 

FRAM:  Benchmark  class 

.32 

N.A. 

DD  931 

.078 

.27 

DDG  2 

.18 

•  3E 

DDG  31 

.0098 

.098 

DDG  35 

.018 

.13 

FF  1036 

.0005 

.022 

FF  1037 

.0023 

.048 

FF  1040 

.071 

.26 

FF  1052 

.077 

.27 

FFG  1 

.051 

.22 

DDG  40 

.046 

.21 

CG  16 

.058 

.23 

CG  26 

.094 

.29 

Repair  echelon: 

Repair  by  ship's  crew  is  benchmark  echelon 

.48 

N.A. 

If  repaired  with  technical  assistance  *  1 

.23 

.42 

If  repaired  at  IMA  ■  1 

.28 

.45 

If  repaired  at  overhaul  -  1 

.0018 

.042 

If  repaired  at  drydock  •  1 

.0008 

.028 

Months  since  overhaul  dummy  variables: 

One  month  after  overhaul 

.0015 

.039 

Two  months  after  overhaul 

.0023 

.048 

Three  months  after  overhaul 

.0021 

.045 

Four  months  after  overhaul 

.0010 

.032 

Fleet:  1  if  Atlantic,  0  if  Pacific 

.57 

.50 

Geometric  mean  ■  111.933 
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TABLE  6  (Cont'd) 


Steaming  prior  to  the  opening  date  of  the  CASREPT,  past 
steaming,  increases  maintenance  downtime,  but  the  effect  is 
statistically  significant  only  for  C3/C4  CASREPTs.  The 
elasticities  are  0.137  for  C2  and  0.629  for  C3/C4  CASREPTs. 

To  measure  steaming  intensity  during  the  life  of  a  CASREPT, 
which  could  be  days ,  weeks ,  or  months ,  we  divided  steaming 
hours  during  the  CASREPT 's  maintenance  period  by  maintenance 
time.  The  ratio  of  a  CASREPT' s  maintenance  downtime  spent, 
steaming  underway,  "current  steaming,”  has  a  negative  and 
statistically  significant  effect  for  both  C2  and  C3/C4 
CASREPTs.  The  elasticities  are  -0.213  for  C2  and  -0.321  for 
C3/C4  CASREPTs. 

Past  steaming  not  underway  increases  maintenance  downtime  but 
current  steaming  not  underway  reduces  it.  Elasticities  are 
0.10  or  less  for  C2  and  C3/C4  CASREPTs,  so  these  variables  have 
small  effects  on  maintenance  downtime. 

The  dummy  variable  "if  any  downtime  due  to  supply"  has  a 
statistically  significant  and  negative  sign  for  C2  and  C3/C4 
CASREPTs.  Thus  if  the  CASREPT  had  to  wait  for  parts,  its 
maintenance  downtime  was  substantially  less  than  if  the  equip¬ 
ment  was  down  for  other  reasons. 

The  positive  signs  of  technical  assistance  and  IMA  are  statis¬ 
tically  significant,  indicating  that  CASREPTs  have  longer 
maintenance  times  if  they  are  repaired  off  the  ship.  Drydock 
is  statistically  significant  only  for  C2  CASREPTs,  probably 
because  the  extremely  small  number  of  repairs  made  at  that 
echelon  makes  it  difficult  to  measure  an  effect. 

Except  for  the  CG  26,  ship  class  variables  do  not  have  statis¬ 
tically  significant  effects  for  C3/C4  CASREPTs,  which  indicates 
that  maintenance  downtime  is  about  the  same  for  all  ship 
classes  as  it  is  for  FRAMs.  For  C2  CASREPTs,  however,  the  DDG 
2,  DDG  31,  CG  16  and  CG  26  ship  classes  have  lower  maintenance 
times,  while  the  DD  931  has  statistically  higher  maintenance 
times  compared  to  FRAMs. 

Overhaul  dummy  variables  varied  in  sign  and  their  effects  are 
small  and  generally  not  statistically  significant.  Atlantic 
fleet  has  a  positive,  small,  but  not  statistically  significant 
effect.  Time  has  a  positive  effect  but  it  is  significant  only 
for  C2  CASREPTs. 


To  test  whether  C3/C4  CASREPTs  had  less  maintenance  downtime 
than  C2  CASREPTs,  we  pool  the  data  and  include  a  dummy  variable 
for  C3/C4  CASREPTs.  The  results  indicate  that  C3/C4  CASREPTs 
have  less  maintenance  downtime.  The  effect  is  statistically 
significant  at  the  .05  level.  These  results  may  be  because  of 
shorter  administrative  delay  times  for  C3/C4  CASREPTs. 

In  summary,  the  regression  model  is  statistically  significant, 
but  it  explains  only  a  small  percent  of  the  variation  in  main¬ 
tenance  downtime  per  CASREPT.  Past  steaming  underway  and  past 
steaming  not  underway  increase  maintenance  downtime,  while  cur¬ 
rent  steaming  underway  and  current  steaming  not  underway  reduce 
it.  Maintenance  time  was  much  lower  for  CASREPTs  that  had  to 
wait  for  parts  and  for  C3/C4  CASREPTs.  Time  since  overhaul  has 
an  adverse  effect,  and  CASREPTs  repaired  off  ship  also  had  more 
maintenance  time.  While  ship  classes  had  some  effects,  fleet 
and  cycle  dummy  variables  had  none.  Finally,  maintenance  down¬ 
time  seems  to  be  increasing  over  time. 

SUPPLY  DOWNTIME  PER  CASREPT 

Regression  Model  Specification 

As  in  the  previous  two  subsections,  direct  determinants  are 
listed  first  together  with  the  expected  direction  of  their 
effects. 

1.  Parts  required  per  CASREPT  (+) 

2.  Amount  of  parts  reordering  (+) 

3.  Inventory  of  parts  stocked  by  suppliers  (-) 

4.  Frequency  of  deliveries  from  suppliers  (-) 

5.  Availability  of  funds  for  repair  parts  (-) 

Again,  to  overcome  data  problems  we  identified  relationships 
between  direct  determinants  and  measurable  factors.  These  are 
given  below. 

1.  Parts  required  per  CASREPT  (+): 

Past  steaming  underway  (?) 

Past  steaming  not  underway  (?) 

Ship  class  (?) 

Time  since  overhaul  (?) 

2.  Amount  of  parts  reordering  (+): 

Past  steaming  underway  (?) 

Repair  echelon  (?) 

Past  steaming  not  underway  (?) 

Ship  class  (?) 

Time  since  overhaul  (?) 
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Current  steaming  underway  (?) 

Current  steaming  not  underway  (?) 
Whether  C3/C4  CASREPT  (-) 

3.  Inventory  of  parts  stocked  by  suppliers  (-): 

Ship  class  (?) 

Fleet  (?) 

4.  Frequency  of  deliveries  from  suppliers  (-): 

Current  steaming  underway  (-) 

Fleet  (?) 

Whether  C3/C4  CASREPT  (+) 

5.  Special  parts  requirements  (+): 

Repair  echelon  (?) 

Ship  class  (?) 


We  solved  this  system  of  structural  relationships  to  yield  the 
reduced  form  regression  models  listed  in  tables  7  and  8.  We 
also  include  the  logarithm  of  the  number  of  months  since 
January  1970  to  test  for  a  time  trend. 

Although  a  C3/C4  CASREPT  should  have  fewer  hours  of  supply 
downtime,  the  direction  of  other  variable  effects  could  not  be 
predicted.  As  before,  by  specifying  theoretical  relationships 
we  can  identify  explanatory  variables  but  not  the  direction  of 
their  effects  a  priori,  and  we  cannot  explain  the  reason  for  a 
regression  variable's  measured  effect. 


Like  maintenance  downtime,  the  distribution  of  supply  downtime 
has  a  "long  tail"  —  a  few  take  a  long  time.  The  time  for  most 
is  clustered  around  the  geometric  rather  than  the  arithmetic 
mean.  Because  of  the  skewness  of  the  distribution,  the  natural 
logarithm  rather  than  the  actual  level  of  supply  downtime  per 


CASREPT  is  regressed  on  explanatory  variables 


1 


Findings 

Pooled  time  series  cross  section  data  on  6,008  C2  and  2,110 
C3/C4  CASREPTs  are  used  to  analyze  supply  downtime.  Regression 


*  Although  not  reported,  we  also  estimate  the  model  using  the 
actual  level  of  supply  downtime  per  CASREPT.  As  expected,  the 
log  model  provided  a  better  fit,  although  neither  model  fit  the 
data  well.  For  a  discussion  of  the  statistical  procedure  used 
to  determine  which  of  these  models  fit  the  data  better,  see  Rao 
and  Miller,  op  cit.,  pp.  107-111. 
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TABLE  7 


DEFINITIONS,  MEAN  VALUES  AND  STANDARD  DEVIATIONS  OF 
C2  SUPPLY  TIME  MODEL  VARIABLES 


Variables 

Mean 

values 

Standard 

deviations 

Hours  of  C2  CASREPT  downtime  due  to  supply 

611. 0a 

835.8 

Ratio  of  hours  steaming  underway  to 

.361 

.235 

CASREPT  downtime 

Total  hours  of  past  steaming  before  CASREPT 

(in  thousands) 

3.325 

2. 57  5 

Ratio  of  hours  steaming  not  underway  to 

CASREPT  downtime 

.226 

.150 

Total  hours  of  past  steaming  not  underway 

before  CASREPT  (in  thousands) 

2.211 

1.474 

Ljgarithm  of  months  since  Jan  1970 

2.7 

.90 

Months  since  overhaul 

15.3 

8. 53 

Ship  classes: 

FRAM:  Benchmark  class 

.27 

N.A. 

DD  931 

.10 

.30 

DDG  2 

.21 

.41 

DDG  31 

.018 

.13 

DDG  35 

.018 

.13 

FF  1036 

.0025 

.050 

FF  1037 

.0050 

.070 

FF  1040 

.060 

.24 

FF  1052 

.062 

.24 

FFG  1 

.026 

.16 

DDG  40 

.031 

.17 

CG  16 

.077 

.27 

CG  26 

.11 

.32 

Repair  echelon: 

Repair  by  ship's  crew  is  benchmark  echelon 

.71 

N.A. 

If  repaired  with  technical  assistance  =  1, 

0  otherwise 

.15 

.36 

If  repaired  at  IMA  =1,0  otherwise 

.14 

.35 

If  repaired  at  overhaul  =  1,  0  otherwise 

.0005 

.022 

Fleet:  1  if  Atlantic,  0  otherwise 

.56 

.50 

aGeometric  mean  of  supply  time  per  CASREPT  is  311.0,  substantial¬ 
ly  fewer  hours  than  the  average  of  611.0. 
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TABLE  8 


DEFINITIONS,  MEAN  VALUES  AND  STANDARD  DEVIATIONS  OF 
C3/C4  SUPPLY  TIME  MODEL  VARIABLES 


Mean 

Standard 

Variables 

values 

deviations 

Hours  of  C3/C4  CASREPT  downtime  due  to  supply 

454. la 

679.6 

Ratio  of  hours  steaming  underway  to  CASREPT 

.339 

.235 

downtime 

Total  hours  of  past  steaming  before  CASREPT 

3.761 

2. 558 

(in  thousands) 

Ratio  of  hours  steaming  not  underway  to 

CASREPT  downtime 

.213 

.145 

Total  hours  of  past  steaming  not  underway 

before  CASREPT  (in  thousands) 

2.4  58 

1.666 

Logarithm  of  months  since  Jan  1970 

2.80 

.80 

Months  since  overhaul 

17.2 

9.5 

Ship  classes: 

FRAM:  Benchmark  class 

.28 

N.A. 

DD  931 

.056 

.23 

DDG  2 

.17 

.38 

DDG  31 

.0076 

.086 

DDG  35 

.021 

.14 

FF  1036 

.0009 

.030 

FF  1037 

.0014 

.038 

FF  1040 

.080 

.27 

FF  1052 

.066 

.24 

FFG  1 

.049 

.21 

DDG  40 

.048 

.21 

CG  16 

.068 

.25 

CG  26 

.13 

.34 

Repair  echelon: 

Repair  by  ship's  crew  is  benchmark  echelon 

.61 

N.A. 

If  repaired  with  technical  assistance  *  1, 

0  otherwise 

.21 

.41 

If  repaired  at  IMA  =1,0  otherwise 

.16 

.37 

If  repaired  at  overhaul  =  1,  0  otherwise 

.0014 

.037 

Fleet:  1  if  Atlantic,  0  otherwise 

.62 

00 

• 

aGeometric  mean  of  supply  time  per  CASREPT  is  224.1,  substantial¬ 
ly  fewer  hours  than  the  average  of  454.1. 
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results,  given  in  table  9,  are  obtained  using  the  ordinary 
least  squares  estimation  procedure. 

The  models  explain  almost  none  of  the  variation  in  supply 
downtime.  Although  thev  are  statistically  significant  rela¬ 
tionships,  the  jtay  0.0239  for  C2  and  0.0216  for  C3/C4 

CASREPTs . 

For  C3/C4  CASREPTs  only  dummy  variables  for  three  ship  classes 
and  Atlantic  fleet  are  statistically  significant.  C2  CASREPTs, 
current  steaming  not  underway,  time,  six  ship  classes,  IMA,  and 
Atlantic  fleet  are  statistically  significant.  The  time  trend 
variable,  logarithm  of  months  since  January  1970,  has  a  signi¬ 
ficant  negative  effect  for  C2  CASREPTs,  but  a  positive  and  not 
significant  effect  for  C3/C4  CASREPTs. 

Current  and  past  steaming  underway  slightly  reduce  supply  time 
for  C2  CASREPTs;  for  C3/C4  CASREPTs  their  effects  are  small  and 
in  opposite  directions.  Current  and  past  steaming  not  underway 
reduce  supply  time  for  all  CASREPTs. 

To  test  whether  C3/C4  CASREPTs  had  less  supply  downtime,  we 
pool  the  data  and  include  a  dummy  variable  for  C3/C4  CASREPTs. 
The  results  indicate  that  C3/C4  CASREPTs  have  less  supply 
downtime.  The  impact  is  statistically  significant  at  the  .05 
level.  These  results  may  be  because  parts  are  shipped  more 
quickly  for  C3/C4  CASREPTs, 

Perhaps  our  most  interesting  finding  is  the  positive  sign  of 
Atlantic  fleet,  which  is  statistically  significant  for  both  C2 
and  C3/C4  CASREPTs.  From  the  CASREPT  rate  analysis,  we  find 
Atlantic  fleet  ships  had  more  CASREPTs.  To  see  if  this  is 
because  of  supply  problems,  we  look  at  the  simple  correlation 
between  the  variables  "whether  CASREPT  for  parts”  (from  the 
maintenance  time  regression  model)  and  Atlantic  fleet.  We  find 
a  positive  correlation  of  0.08,  which  indicates  that  Atlantic 
fleet  ships  had  relatively  move  CASREPTs  because  parts  were 
unavailable  than  did  ships  in  the  Pacific  fleet. 

In  summary,  supply  time  seems  to  be  largely  unaffected  by 
explanatory  variables.  Although  C3/C4  CASREPTs  have  less 
supply  downtime,  most  explanatory  factors  are  not  significant. 
We  do  find  evidence,  however,  that  Atlantic  fleet  ships  have 
more  downtime  because  of  supply  related  factors. 


CASREPT  DOWNTIME 


In  Che  three  previous  subsections,  components  of  CASREPT  down¬ 
time  are  analyzed.  We  use  the  following  equation  to  calculate 
the  total  effect  of  steaming  on  CASREPT  downtime  with  regres¬ 
sion  outputs  given  in  those  sections. 

e  »  a-6  +  (i-cr)S  +  e  (1) 
D,UW  SUP.UW  M,UW  CAS,UW 


where 


SD,UW 


ssup,uw 


eM,UW 

a 

SCAS,UW 


elasticity  of  CASREPT  downtime  with  respect  to 
steaming 

elasticity  of  supply  downtime  with  respect  to 
steaming 

elasticity  of  maintenance  downtime  with  respect  to 
steaming 

percent  of  CASREPT  downtime  due  to  supply 
elasticity  of  the  CASREPT  rate  with  respect  to 
steaming. 


Equation  (1)  is  derived  from  the  identity  CASREPT  downtime 
equal 8  the  CASREPT  rate  times  the  sum  of  supply  and  maintenance 
time  per  CASREPT,  by  taking  the  logarithm  of  both  sides,  dif¬ 
ferentiating  with  respect  to  steaming,  and  rearranging  the 
right  side  to  yield  an  equation  in  terms  of  elasticities. 


The  percent  of  downtime  because  of  supply  (»)  is  estimated  to 
be  38  percent  for  C2  and  39  percent  for  C3/C4  CASREPTs  (see 
table  10).  We  estimate  a  : 


[average  supply  time  [proportion  of  CASREPTs 

for  parts  CASREPTs]  requiring  parts] _ 

expected  downtime  for  all  CASREPTs 


Our  goal  is  to  estimate  the  effects  of  an  increase  in  steaming 
using  estimates  of  the  effects  of  current  and  past  steaming 
variables.  However,  there  are  an  infinite  number  of  ways  that 
a  given  increase  in  steaming  hours  could  be  distributed  over  a 
ship's  cycle;  and  the  distribution  would  affect  the  value  of 
the  past  steaming  variable  at  the  midpoint  of  a  ship's  cycle 
where  we  calculate  the  effects  of  a  change  in  steaming.  To  sim¬ 
plify  calculations,  we  assume  changes  in  steaming  are  propor¬ 
tional  to  the  existing  distribution  of  steaming  hours,  so  that 
at  any  point  in  a  ship's  cycle,  e.g.,  the  midpoint,  current  and 
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pasC  steaming  change  by  the  same  percent  due  to  a  change  in 
steaming.  Since  we  have  partial  elasticities  from  the  same 
regression,  we  can  simply  add  the  elasticities  of  the  current 
and  past  steaming  variables  to  calculate  the  elasticity  of 
steaming.  The  interested  reader  can  use  the  regression  find¬ 
ings  to  calculate  the  effects  of  increases  in  steaming  that  are 
distributed  in  other  ways. 

The  sum  of  current  and  past  steaming  elasticities  for  the 
CASREPT  rate,  supply  time  and  maintenance  time  are  given  in 
table  11.  (These  were  reported  earlier  in  tables  3,  6  and  9.) 
To  calculate  steaming's  effect,  we  add  the  weighted  sum  of 
supply  time  and  maintenance  time  elasticities  to  the  CASREPT 
rate  elasticity.  The  elasticity  of  CASREPT  downtime  with  re¬ 
spect  to  past  and  current  steaming  is  calculated  to  be  -0.589 
for  C2  and  -0.386  for  C3/C4  CASREPTs. 

ALTERNATIVE  EXPLANATIONS  OF  STEAMING'S  EFFECT  ON  CASREPT 
DOWNTIME 

Steaming  seems  to  reduce  CASREPT  downtime  in  the  long  run  by 
improving  levels  of  direct  determinants.  However,  instead  of 
measuring  a  causal  relationship,  the  results  may  be  spurious,  a 
mere  statistical  aberration.  In  this  subsection  we  analyze  two 
ways  that  a  spurious  relationship  could  have  been  generated. 
Tests  of  the  explanations  yield  no  evidence  to  reject  our 
earlier  findings,  and,  instead,  we  find  evidence  that  steam¬ 
ing's  effect  may  be  greater  than  reported  in  the  preceding 
section. 

We  find  the  beneficial  effect  of  steaming  is  largely  due  to  the 
effect  of  past  steaming  on  the  CASREPT  rate.  Perhaps  this  is 
because  some  ships  are  "lemons”  and  these  do  less  steaming  over 
a  ship's  cycle.  Although  low  levels  of  past  steaming  would  be 
statistically  associated  with  high  CASREPT  rates,  the  causality 
would  be  reversed. 

Another  explanation  may  be  omitted  factors  related  to  the  de¬ 
ployment  cycle.  Ships  steam  more  when  deployed,  but  then  they 
are  also  better  manned.  Better  manning  rather  than  steaming 
could  be  causing  the  beneficial  effect  on  the  CASREPT  rate.  A 
ship's  crew  may  also  look  for  equipment  problems  before  deploy¬ 
ment,  and  when  it  finds  them  file  CASREPTs.  Since  these 
CASREPTs  predate  the  intense  steaming  of  deployment,  few 
CASREPTs  per  month  occur  later  in  a  ship's  cycle.  This  could 
lead  to  the  results  we  observed  that  past  steaming  reduces  the 
CASREPT  rate. 
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These  possible  explanations  of  the  results  are  addressed  by 
estimating  alternative  CASREPT  rate  models.  Earlier  we  es¬ 
timated  "Model  1"  using  time  series  cross  section  data.  To 
adjust  for  ship  specific  factors  including  lemon  ships,  we 
estimate  "Model  2,"  which  is  Model  1  plus  dummy  variables  for 
each  ship  instead  of  12  ship  classes.  These  models  are  esti¬ 
mated  with  data  on  2,500  ship-months. 

We  also  estimate  a  "Model  3"  using  91  cross  sectional  obser¬ 
vations  —  one  for  each  ship.  Here  the  average  CASREPT  rate 
between  overhauls  is  the  dependent  variable,  and,  where  ap¬ 
plicable,  averages  of  variables  in  Model  1  are  explanatory 
variables.  By  averaging  variables,  Model  3  tends  to  eliminate 
the  effects  of  deployment  cycle  factors. 

Table  12  reports  estimates  of  steaming's  effect  on  the  CASREPT 
rate  for  the  three  models.  For  all  models,  past  steaming  re¬ 
duces  the  number  of  C2  and  C3/C4  CASREPTs;  however  the  effect 
is  statistically  significant  only  for  Models  1  and  2.  The  sums 
of  past  and  current  steaming  elasticities  are  fairly  consistent 
across  models:  -.468  (Model  2),  -.533  (Model  1),  and  -.678 
(Model  3)  for  C2  CASREPTs;  and  -.460  (Model  2),  -.626  (Model 
1),  and  -.891  (Model  3)  for  C3/C4  CASREPTs. 

In  Models  1  and  2  most  of  steaming's  effect  is  due  to  a  rela¬ 
tively  large  past  steaming  elasticity.  In  Model  3  the  elas¬ 
ticity  of  current  steaming  (-.506)  is  larger  than  the  elasti¬ 
city  of  past  steaming  (-.385),  and  these  effects  are  not  sta¬ 
tistically  significant  for  C2  or  C3/C4  CASREPTs. 

The  reason  for  Model  3's  results  is  that  current  and  past 
steaming  are  measuring  the  same  factor  —  long-run  differences 
in  steaming  rates.  In  Model  3  "current  steaming"  is  average 
steaming  hours  per  month  between  overhauls.  "Past  steaming"  is 
approximately  the  total  number  of  steaming  hours  at  the  mid¬ 
point  of  a  ship's  cycle.  There  is  little  independent  variation 
between  these  measures,  and  this  "multicollinearity"  causes  low 
levels  of  statistical  significance.  Nevertheless,  the  message 
from  Model  3  is  the  same  as  that  of  the  others.  In  the  long 
run  steaming  reduces  the  CASREPT  rate. 

There  are  some  differences  in  the  size  of  steaming's  effects 
across  models.  Which  estimate  is  more  accurate?  Model  2 
yielded  the  lowest  effect  of  steaming.  Estimates  from  Model  1, 
which  are  slightly  larger,  may  be  better  than  those  from  Model 
2  because  use  of  numerous  ship  dummy  variables  would  tend  to 
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Statistically  significant  at  .05  level. 


bias  down  Che  estimate  of  other  variables  such  as  steaming. ^ 

In  Model  1  we  use  12  ship  class  dummy  variables  to  capture 
long-run  differences  In  the  CASREPT  rate  due  to  ship  class 
specific  factors.  This  is  a  compromise  approach  that  may 
enable  us  to  adjust  for  some  ship  specific  factors  without 
seriously  biasing  downward  the  effects  of  other  included 
variables  such  as  steaming. 

There  is  a  more  sizable  difference  between  the  steaming  elas¬ 
ticities  from  Model  1  and  the  larger  ones  obtained  from  Model 
3,  especially  for  C3/C4  CASREPTs.  Predictions  from  these  two 
models  are  used  to  help  decide  which  yields  the  better  estimate 
of  steaming's  effect. 

Recall  that  Model  1  focuses  on  a  ship's  monthly  CASREPT  rate, 
while  Model  3  deals  with  its  average  number  of  CASREPTs  per 
month  between  overhauls.  Focusing  on  different  dependent  vari¬ 
ables,  outputs  require  some  adjusting  to  make  predictions  com¬ 
parable.  For  each  ship,  we  averaged  monthly  predictions  from 
Model  1  to  yield  a  prediction  of  a  ship's  average  CASREPT  rate 
per  month  between  overhauls. 

Comparison  of  average  CASREPT  rate  predictions  yields  evidence 
in  support  of  Model  3's  higher  steaming  elasticity.  The  sum  of 
squared  errors  is  somewhat  smaller  and  predictions  at  the  tails 
are  slightly  more  accurate.  Since  the  evidence  is  weak,  how¬ 
ever,  we  decided  to  use  the  more  conservative  estimate  of 
steaming's  effects  from  Model  1,  preferring  to  avoid  possibly 
overstating  its  effect. 


*See  Marc  Nerlove,  "Further  Evidence  of  the  Estimation  of 
Dynamic  Economic  Relations  from  a  Time  Series  of  Cross 
Section,"  Econometrics  XXXIX  (2):  359-82  (Mar  71). 
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ANALYSIS  OF  STEAMING'S  EFFECT  ON  FUEL  CONSUMPTION 


THEORY 

We  Identified  direct  determinants  of  fuel  consumption,  which 
are  listed  below  together  with  the  expected  direction  of  their 
effects . 

1.  Hours  steaming  underway  (+) 

2.  Hours  steaming  not  underway  (+) 

3.  Ship  size  (+) 

4.  Steaming  speed  (+) 

5.  Environmental  conditions  (-) 

6.  Efficiency  of  plant  (-) 

Our  goal  is  to  estimate  the  effect  of  steaming  holding  other 
factors  fixed.  Data  are  available  on  steaming  hours  not  under¬ 
way,  which  enables  us  to  hold  this  factor  fixed;  and  a  separate 
analysis  is  done  for  each  ship  class  to  adjust  for  differences 
in  ship  size  and  propulsion  system  efficiency. 

Data  are  not  available  on  steaming  speed  and  external  condi¬ 
tions,  which  prevents  us  from  holding  them  fixed.  In  theory, 
not  adjusting  for  their  effects  could  bias  our  estimate  of 
steaming.  For  example,  if  ships  use  greater  speed  to  com¬ 
pensate  for  a  low  steaming  allowance  or  if  they  steam  more  in 
better  weather,  steaming's  marginal  cost  would  be  understated 
compared  to  the  cost  of  a  random  increase  in  steaming.  In 
reality  the  bias  is  likely  to  be  small  and  our  estimate  is 
accurate  as  long  as  relationships ,  if  any,  continue  to  hold. 

Regression  analysis  is  used  to  estimate  the  elasticity  of  fuel 
consumption  with  respect  to  steaming.  The  estimated  elasticity 
should  be  a  fraction  because  it  is  approximately  equal  to  the 
share  of  total  fuel  costs  due  to  steaming  underway.  This  can 
be  shown  easily. 

Let 


1 

x2 

*3 


•  hours  not  steaming 

■  hours  steaming  underway 

■  hours  steaming  not  underway 
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Therefore,  the  elasticity  of  total  fuel  costs  with  respect  to 
X2  evaluated  at  the  means  equals 


fLfz 

c  X, 


(2) 


The  share  of  fuel  costs  of  not  steaming,  -g-  ,  is  small  and 

the  ratio  of  X^/Xj  is  a  fraction,  e.g.,  for  Frams  it’s  0.67. 

As  a  result,  the  elasticity  of  total  fuel  costs  with  respect  to 
steaming  underway  is  approximately  equal  to  C^/C. 

Similarly  it  can  be  shown  that  the  elasticity  of  fuel  costs 
with  respect  to  steaming  not  underway  equals  approximately 
C3/C,  its  share  of  total  fuel  costs.  Therefore,  the  sum  of  the 
two  elasticities,  X2  and  X-j,  should  be  less  than  but  close  to 
one;  there  are  some  fuel  costs  of  not  steam-’ng. 

In  the  next  section  we  present  estimates  of  marginal  costs  and 
elasticities  for  steaming  underway  and  steaming  not  underway. 

We  expect  higher  marginal  costs  for  larger  ships  and  for  steam¬ 
ing  underway  compared  with  steaming  not  underway.  We  also  ex¬ 
pect  the  sum  of  the  elasticities  of  steaming  underway  and 
steaming  not  underway  to  be  just  below  one. 

REGRESSION  MODEL  SPECIFICATION 

Fuel  consumption  per  ship-month  (FC)  is  specified  to  be  a 
quadratic  function  of  steaming  underway  (UW)  and  steaming  not 
underway  (NW): 

2  2 

FC  "  +  a  UW  +  a„UW  +  aNW  +  a.NW  +  error. 

0  12  3  4 


Separate  estimates  are  made  for  diesel,  JP5,  and  "other”  fuel 
for  each  of  13  destroyer-type  ship  classes.  Definitions  of 
variables  and  mean  values  are  given  in  table  13. 

Data  on  fuel  consumption  are  missing  for  numerous  ship-months. 
Estimates  of  steaming's  effects  for  ship  classes  having  few 
observations,  e.g.,  FF  1036,  FF  1037,  may  be  less  accurate  than 
for  others  which  are  based  on  more  ship-months,  e.g.,  Frams, 

DDG  2,  and  CG  26.  However,  the  weighted  average  effect  is 
probably  a  relatively  accurate  estimate  for  destroyer-type 
ships  overall. 
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“Regression  model  included  quadratic  terms  in  steaming  underway  and  steaming 
underway. 


FINDINGS 
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Fuel  consumption  regression  results  are  reported  in  table  14. 
For  each  ship  class,  one  fuel  accounts  for  at  least  77  percent 
of  consumption  (see  table  13).  Reasonable  results  are  obtained 
for  the  major  fuel,  especially  for  ship  classes  having  rela¬ 
tively  more  observations. 

For  example,  "other"  fuel  accounts  for  99.6  percent  of  fuel 
consumption  for  Frams,  which  is  our  largest  class  (33  ships). 
Both  UW  and  NW  have  positive  and  statistically  significant 
effects  on  consumption  of  other  fuel.  The  squared  terms  in¬ 
dicate  these  relationships  are  non-linear.  For  both  UW  and  NW 
the  squared  terms  are  negative;  it  is  statistically  significant 
for  UW  using  a  two-tailed  test.  The  R^  of  .597  indicates  a 
reasonably  good  fit,  and  the  F  statistic  of  353.7  indicates 
that  the  regression  is  statistically  significant  at  the  .01 
level.  The  regression  results  for  the  diesel  and  JP5  indicate 
that  all  variables  are  not  statistically  significant.  Usage  of 
these  fuels  may  depend  on  steaming,  but  it  is  mostly  determined 
by  other  factors. 

Except  for  the  FF  1052  class,  UW  has  a  positive  and  statisti¬ 
cally  significant  effect  on  consumption  for  the  major  fuel. 

With  respect  to  NW,  the  effect  for  the  major  fuel  is  positive 
in  nine  cases.  It  is  statistically  significant  at  the  .05 
level  using  a  one-tailed  test  for  only  three  ship  classes  — 
Fram,  DD  931,  andCG  16.  The  results  for  squared  terms  vary 
among  classes. 

THE  MARGINAL  COST  OF  STEAMING 

The  following  equation  is  used  to  calculate  the  amount  of  fuel 
used  on  the  margin: 


SFC 

SUW 


a;  +  2a2UW  , 


where  a^  -  regression  estimate  of  the  effect  of  UW 
a2  “  regression  estimate  of  the  effect  of  UW' 
UW  -  mean  of  steaming  underway. 


-43- 


TABLE  14  (Cont'd) 
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A  similar  method  Is  used  to  estimate  the  effect  of  steaming  not 
underway.  Effects  on  gallons  consumed  are  multiplied  by  fuel 
prices  in  October  1977  to  obtain  marginal  fuel  costs.  1 

Estimates  of  marginal  cost  per  steaming  hour  for  each  fuel  and 
ship  class  are  given  in  table  15.  Marginal  costs  for  each  fuel 
are  added  to  yield  the  marginal  costs  of  fuel  consumption.  Mar¬ 
ginal  costs  of  steaming  underway  generally  increase  as  ship 
size  increases.  For  example,  they  are  generally  lower  for 
frigates  than  for  DDs ,  and  higher  for  DDGs  and  CGs  than  for  the 
other  ships.  The  marginal  costs  of  steaming  not  underway  are 
less  than  those  of  steaming  underway,  and  they  also  tend  to 
increase  with  ship  size. 

At  the  means  of  the  data,  the  elasticity  of  steaming  equals  the 
ratio  of  marginal  to  average  costs  (also  given  in  table  15). 
Elasticities  of  steaming  underway  and  steaming  not  underway  are 
given  in  table  16.  As  predicted,  the  elasticities  sum  to  about 
one  for  most  ship  classes. 

The  elasticities  for  destroyer-type  ships,  estimated  by  weight¬ 
ing  the  estimate  for  each  ship  class  by  the  number  of  ships  in 
the  class,  are  .7774  for  steaming  underway  and  .2006  for  steam¬ 
ing  not  underway.  Since  the  relative  sizes  of  these  shares  is 
about  as  expected  and  they  sum  to  just  under  one ,  the  regres¬ 
sion  analysis  seems  to  have  yielded  reasonably  good  estimates 
for  destroyer-type  ships  overall. ^  Because  of  small  samples, 
however,  results  for  some  individual  ship  classes  are  probably 
far  less  accurate. 


*  During  the  period  of  analysis  "other"  fuel  was  mostly  Navy 
standard.  The  price  of  Navy  standard  in  October  1977  is  used 
to  estimate  the  price  of  other  fuel.  In  the  early  1970s  ships 
were  being  converted  to  use  Navy  distillate.  As  a  result  our 
estimates  on  costs  may  be  slightly  too  low  for  two  reasons. 
First,  the  price  of  Navy  standard  (41.4)  was  lower  than  the 
price  of  Navy  distillate  (44.1)  in  October  1977.  Second,  fuel 
consumption  seems  to  have  Increased  by  about  seven  percent 
because  of  conversion  (see  "Logistic  Reference  Data,”  pp.  1-5). 
The  combined  effects  may  increase  fuel  costs  by  about  ten  per¬ 
cent  relative  to  estimates  from  the  regression  analysis. 

2 Regression  estimates  of  elasticities  slightly  understate 
steaming's  share  of  fuel  costs.  Using  equation  (2)  to  adjust 
for  the  bias  yields  estimates  of  .79  for  the  share  of  steaming 
underway,  .20  for  the  share  of  steaming  not  underway,  and  .01 
for  the  share  of  not  steaming. 
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TABLE  15 


AVERAGE  AND  MARGINAL  COSTS  OF  FUEL  CONSUMPTION  PER 
HOUR,  BY  SHIP  CLASS,  FUEL  AND  TYPE  OF  STEAMING 


_ Type  of  steaming _ _ 

Underway  Not  underwa~y 


Ship  class 

Fuela 

Average 

costs 

Marginal 

costs 

Average 

costs 

Marginal 

costs 

Other 

365.98 

281.52 

503.42 

139.93 

FRAM  I 

Diesel 

1.22 

N/A 

1.68 

N/A 

JP5 

0.52 

0.24 

0.71 

-0.51 

Total 

367.72 

281.76 

505.81 

139.42 

Other 

398.27 

305.53 

582.91 

133.72 

DD  931 

Diesel 

12.93 

N/A 

19.18 

N/A 

JP5 

60.42 

75.85 

88.20 

-43.22 

Total 

471.62 

381.38 

690.29 

90.50 

Other 

447.95 

329.54 

523.71 

70.79 

DOG  2 

Diesel 

24.97 

18.73 

29.44 

21.85 

JP5 

11.02 

N/A 

12.79 

N/A 

Total 

483.94 

348.27 

565.94 

92.64 

Other 

441.32 

377.57 

681.03 

63.34 

DDG  31 

Diesel 

45.49  . 

N/A 

70.47 

N/A 

JP5 

12.79 

N/A 

19.40 

N/A 

Total 

499.60 

377.57 

770.90 

63.34 

Other 

513.77 

437.60 

634.25 

81.97 

DDG  35 

Diesel 

0.10 

N/A 

0.13 

N/A 

JP5 

0 

N/A 

0 

N/A 

Total 

513.87 

437.60 

634.38 

81.97 

Other 

515.02 

450.02 

615.62 

-22.36 

DDG  40 

Diesel 

154.32 

87.86 

184.64 

164.13 

JP5 

15.44 

27.34 

18.52 

-28.66 

Total 

684.78 

565.22 

818.78 

113.11 

Other 

0 

N/A 

0 

N/A 

FF  1036 

Diesel 

96.78 

73.59 

899.58 

86.97 

JP5 

0 

N/A 

0 

N/A 

Total 

96.78 

73.59 

899.58 

86.97 

Other 

2.90 

-2.9 

9.11 

.828 

FF  1037 

Diesel 

0 

N/A 

0 

N/A 

JP5 

167.58 

163.61 

508.91 

-34.84 

Total 

170.48 

160.71 

518.02 

-34.01 

FF  1037 


w 


p 


m 


TT 


.m 


TABLE  15  (Cont'd) 


Ship  class 

Fuel* 

Type  of 

steaming 

Underway 

Not  underway 

Average 

costs 

Marginal 

costs 

Average 

costs 

Marginal 

costs 

Other 

0 

N/A 

0 

N/A 

FF  1040 

Diesel 

44.15 

16.95 

99.46 

93.21 

JP5 

340.89 

325.90 

766.02 

-37.48 

Total 

385.04 

342.85 

865.48 

55.73 

Other 

252.54 

175.95 

462.02 

197.06 

FF  1052 

Diesel 

3.21 

N/A 

5.80 

N/A 

JP5 

15.88 

16.32 

29.11 

-2.20 

Total 

271.63 

192.27 

496.93 

194.86 

Other 

0 

N/A 

0 

N/A 

FFG  1 

Diesel 

33.45 

N/A 

123.54 

N/A 

JP5 

376.17 

377.94 

1386.50 

-65.71 

Total 

409.62 

377.94 

1510.04 

-65.71 

Other 

558.07 

404.48 

623.48 

62.51 

CG  16 

Diesel 

11.60 

N/A 

12.93 

N/A 

JP5 

100.99 

106.28 

112.90 

41.01 

Total 

670.66 

510.76 

749.31 

103.52 

Other 

535.72 

421 . 45 

763.83 

164.77 

CG  26 

Diesel 

3.57 

N/A 

5.35 

N/A 

JP5 

16.76 

N/A 

23.81 

N/A 

Total 

556.05 

421.45 

792.99 

164.77 

Source:  Navy  Petroleum  Office. 

aOther  8  $. 414/gallon  (price  Navy  standard);  diesel 
8  $. 446/gallon;  and  JP5  @  $. 441/gallon.  Costs  are  in  dollars. 

^Relationships  having  F  values  less  than  about  2.0  are  not 
significant  at  the  .10  level.  For  these,  coefficients  are 
typically  not  significant  and  the  particular  fuel  accounted 
for  a  very  small  percent  of  the  total  fuel  consumption.  These 
fuels  are  excluded  from  calculations  of  marginal  fuel  costs. 
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THE  TRADEOFF  BETWEEN  CASREPT  DOWNTIME  AND  FUEL  COSTS 


Following  from  the  definition  of  an  elasticity,  the  effect  of  a 
25  percent  reduction  in  steaming  on  CASREPT  downtime  is  calcu¬ 
lated  as  follows: 

Downtime  «*  (.25)  x  (average  CASREPT  downtime) 

x  (elasticity  of  CASREPT  downtime  with  (3) 

respect  to  steaming). 

Steaming's  effect  on  fuel  costs  is  similarly  calculated: 

Fuel  costs  -  (.25)  x  (average  fuel  costs) 

x  (elasticity  of  fuel  costs  with  respect  (4) 
to  steaming). 


Data  required  to  evaluate  equations  (3)  and  (4)  are  given  in 
table  17.  We  estimate  weighted  average  fuel  costs  for 
destroyer-type  ships  to  be  $101,351  per  month  given  October 
1977  fuel  prices.  (The  other  data  in  table  17  were  given 
earlier  in  tables  10,  II,  and  16  but  we  repeat  them  again  here 
for  convenience.) 

The  effects  of  a  25  percent  reduction  in  steaming  on  CASREPT 
downtime  and  fuel  costs  are  given  in  table  18.  Per  ship  per 
month  a  25  percent  reduction  in  steaming  would  Increase  CASREPT 
downtime  by  532  hours  for  C2  and  95  hours  for  C3/C4  CASREPTs, 
but  it  would  lower  fuel  costs  by  about  $20,000.  Thus  there  is 
a  tradeoff  between  CASREPT  downtime  and  fuel  costs  due  to 
steaming.  An  increase  of  27  hours  of  C2  and  4.8  hours  of  C3/C4 
CASREPT  downtime  are  incurred  to  save  $1,000  of  fuel  costs. 

Historically,  declines  in  hours  steaming  underway  have  caused 
one-for-one  increases  in  hours  not  steaming.  We  assume  this 
relationship  holds  when  estimating  the  cost-effectiveness  of 
steaming.  The  sensitivity  of  results  to  this  assumption  is 
analyzed  below. 

Table  19  gives  estimates  of  the  net  effects  of  a  25  percent 
increase  in  steaming  underway,  i.e.,  62  hours  per  month,  by 
source  of  time,  not  steaming  and  steaming  not  underway.  En¬ 
tries  for  not  steaming  were  given  earlier  in  table  18.  To 
calculate  the  entries  for  steaming  not  underway  we  subtract  the 
partial  effects  of  reducing  steaming  not  underway  by  62  hours, 
from  the  partial  effects  of  increasing  steaming  underway  by  62 
hours.  The  partial  effects  of  steaming  not  underway  are 


TABLE  17 


DATA  USED  TO  EVALUATE  EQUATIONS  3  AND  4 


CASREPT 
downtime 
elasticity 
with  respect 
to  steaming 
CASREPT  underway 


Fuel  cost 
elasticity 
with  respect 
to  steaming 
underway 


CASREPT 
downtime 
per  ship 
month 


Fuel  costs 
per  ship  month 
($  thousands) 


C2 

C3/C4 


-0.589 

-0.386 


0.7774 

0.7774 


3,618 

918 


101.351 

101.351 


TABLE  18 

EFFECTS  OF  A  25  PERCENT  REDUCTION  IN  STEAMING  ON 
CASREPT  DOWNTIME  AND  FUEL  COSTS 


CASREPT 


Downtime  Fuel  savings  Downtime  per 

hours _ ($  thousands)  $1000  fuel  saving 


C2 


532 


19.2 


27.0 


C3/C4 


95 


19.2 


4.8 


calculated  In  the  same  way  we  calculated  the  effects  of 
steaming  underway  In  table  18. 


TABLE  19 

EFFECTS  OF  A  25  PERCENT  INCREASE  IN  STEAMING  UNDERWAY 
ON  CASREPT  DOWNTIME  AND  FUEL  COSTS,  BY  SOURCE  OF  TIME 


Reduction 
downtime  per 


Reduction 

Increase  fuel 

$1000  increase 

Source 

CASREPT 

downtime 

costs  ($000) 

in  fuel  costs 

Not 

steaming 

C2 

C3/C4 

532 

95 

19.2 

27.7 

4.9 

Steaming 

not 

underway* 

C2 

C3/C4 

356 

76 

10.65 

33.4 

7.1 

Estimated  by  deducting  the  effects  of  declines  in  steaming  not 
underway  from  the  effects  of  steaming  underway. 


If  the  source  of  steaming  time  is  hours  not  steaming,  our 
assumption  throughout,  CASREPT  downtime  declines  by  532  hours 
for  C2  and  95  hours  for  C3/C4  CASREPTs.  If  it  is  hours  steam¬ 
ing  not  underway,  CASREPT  downtime  falls  by  only  356  hours  for 
C2  and  76  hours  for  C3/C4  CASREPTs,  but  fuel  savings  also  fall 
from  $19,750  to  only  $10,650. 

The  last  column  in  table  19  gives  the  reduction  in  downtime  per 
$1000  increase  in  fuel  costs  -  the  return  to  steaming  per  thou¬ 
sand  dollars  invested.  The  return  is  fairly  insensitive  to  the 
source  of  time:  as  we  go  from  not  steaming  to  steaming  not 
underway,  the  return  increases  from  27.7  to  33.4  for  C2  and  4.9 
to  7.1  for  C3/C4  CASREPTs.  Thus  the  Navy  can  expect  to  reap 
roughly  the  same  benefits  of  increased  steaming  regardless  of 
the  source  of  time  used  to  increase  it. 
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